of the main text) selectedarea electron diffraction images for monolayer 1T'-MoTe 2 . JEMS 1 was used to perform the simulation. It should be noted that the tilt within the MoTe 2 unit cell, which leads to only non-symmorphic symmetries and unambiguous ሬ ሬറ and ሬ ሬറ directions, could not be determined by SAED, so the directions of ሬ ሬറ and ሬ ሬറ and the reciprocal lattice directions discussed in the text are only good up to a negative sign. 2 c) Magnetoconductance data at different temperatures showing the weak antilocalization (WAL) effect is also present in sample 2. The WAL feature weakens as the temperature is increased from 1.9 K to 3.5 K. d) ΔR(B) for device 1 and device 2, showing that the WAL effect on the resistance is very similar for the two samples.
Discussion about metastability of the material
The metastability in atmosphere of this material is evident, as we have noticed that leaving the sample exposed in air for several hours completely deteriorates the sample and the flakes are barely visible through an optical microscope. Furthermore, when the sample is exposed to the laser of our Raman system, we noticed that as we prolong the exposure time the peaks become less pronounced and then finally disappear. When graphene was added to the surface, the flakes became extremely stable under the Raman laser. This suggests that the MoTe 2 flakes quickly oxidize in atmosphere, but that the lattice is intrinsically stable.
Furthermore the raw AC STEM image reveals a large density of nanometer-sized holes as well as point defects in the lattice. The holes were due to the sample preparation for AC STEM, which required that the flakes be in ambient air for a couple of hours. We observed that the lattice crystal structure was preserved across all holes, which is strong evidence that the as-grown material is of very high structural quality, with the defects introduced by handling and exposure to air. Also, even at 80 kV operating voltage, we could see that the atoms were moving under irradiation and that the beam was introducing point defects and further deteriorating the sample. This indicates that the Mo and Te atoms are loosely bound and that the lattice is extremely sensitive to strain, and it is easy to simply detach parts of the crystals using the electron beam. These evidences confirm that 1T'-MoTe 2 is metastable and should be stored and treated appropriately.
